Skin care is important not only from a cosmetic point of view but also for dermatological and pharmaceutical reasons. 1) Healthy skin exhibiting an effective barrier function can protect the body against infections and allergens and healthy skin function is also needed to prevent dermatonosis. A lot of skin care products are marketed as cosmetics and/or quasidrugs and oil is an important component of such products. Moisture in the skin can be retained by application of oil to the skin and the resulting oil layer operates as a barrier to protect the skin.
2) Sweet oils and essential oils, as natural oils, are useful for such purposes. 3) On the other hand, free fatty acids 4, 5) and terpenes, 6) which are major components of sweet oils and essential oils, have been reported to be skin penetration enhancers. Permeation of some drugs through skin is enhanced by free fatty acids and terpenes, such as oleic acid 7, 8) and l-menthol. 9, 10) This means that free fatty acids and terpenes reduce the barrier function of the skin as far as the permeation of drugs is concerned. This conflicts with their use as skin care products. Therefore, some basic studies are needed to confirm the safety of such oils when used for cosmetic purposes.
In the present study, we investigated the effect of camellia oil on the permeation of flurbiprofen (FP) and diclofenac sodium (DFS), used as model drugs, through rat and pig skin. Camellia oil has been used in cosmetics for a long time in Japan. In this study, two different types of camellia oil were used: one of them was purified by distillation and another was purified by filtration without heating. The distilled camellia oil (DCO) and the filtered camellia oil (FCO) were applied to skin as a pretreatment. The permeation of FP and DFS through the pretreated skin was examined in an in vitro system.
MATERIALS AND METHODS
Materials FCO and DCO were kindly supplied by Tsu baki (Tokyo, Japan). FP and DFS were purchased from Sigma (St. Louis MO, U.S.A.). All other chemicals were of the highest purity available commercially.
Rat Skin Permeation Experiment Male Wistar rats weighing 210-300 g were anesthetized with pentobarbital. The abdominal hair was removed with electric hair clippers and an electric razor without breaking the skin surface. Camellia oil (30 ml) was applied to the skin and spread over an area of about 1 cm 2 for a period of 1 min. Excess oil was wiped off using filter paper (No. 2, ADVANTEC, Tokyo). The full thickness abdominal skin was excised for the percutaneous permeation experiment. The abdominal skin was mounted on a 2-chamber diffusion cell with an available diffusion area of 0.95 cm 2 .
9) The whole cell set was kept at 37°C. Isotonic phosphate buffer (PBS, pH 7.4, 3.0 ml) was added to the receptor chamber and FP or DFS solution (1.0 mg/ml, 3.0 ml) in PBS was added to the donor chamber. At predetermined times, the receptor medium (0.4 ml) was withdrawn and fresh medium was added to keep the volume constant. The cumulative amount of drug permeated was calculated from the concentration of the receptor medium.
Pig Skin Permeation Experiment Excised Yucatan miniature pig skin was purchased from Charles River Japan (Kanagawa, Japan) and kept deep-frozen until required. The dermis side of the pig skin was sectioned to obtain slices 2 mm thick. Camellia oil (30 ml) was applied to the skin surface for 1 min. Excess oil was wiped off using filter paper and then the skin was mounted in the 2-chamber diffusion cell. Other procedures were the same as in the rat experiment, except that 10.0 mg/ml FP or DFS solution was used for the application because of the lower permeability of pig skin.
Determination of FP and DFS An HPLC system was used to determine FP and DFS. The HPLC system consisted of a pump (LC-9A, Shimadzu, Kyoto, Japan), an injector (7125, Rheodyne, CA, U.S.A.), a stainless-steel column (4ϫ250 mm) packed with LiChrospher 100 RP-18(e) (5 mm, Merck, Darmstadt, Germany), an oven (CTO-6A, Shimadzu), a UV detector (SPD-10A, Shimadzu) and an integrator (C-R6A, Shimadzu). The mobile phase consisted of 50 : 50 The effect of camellia oil on the permeation of flurbiprofen (FP) and diclofenac sodium (DFS), used as model drugs, through rat and pig skin was examined. Two different types of camellia oil were used: one of them was purified by distillation and the other was purified by filtration without heating. The distilled camellia oil (DCO) and the filtered camellia oil (FCO) were applied to the skin as a pretreatment. Permeation of FP through the skins pretreated with FCO and DCO was enhanced, while that of DFS was suppressed. The effects of FCO were greater than those of DCO as far as enhancement and suppression were concerned. The effect of FCO on FP permeation could be due to oleic acid, one of the major components of FCO. On the other hand, FCO and oleic acid had opposite effects on the penetration of DFS. This result suggests that other active components which suppress the permeation of DFS may be present in FCO. Since the penetration-suppressing agents will be useful for skin care products, studies of such agents will be important in the future.
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Key words camellia oil; skin permeation; skin care; flurbiprofen; diclofenac sodium (v : v) acetonitrile : 0.1% phosphoric acid solution, and the flow rate was 1.0 ml/min. The detector was operated at 245 nm for FP or 275 nm for DFS. The samples were mixed with the same volume of acetonitrile containing p-hydroxybenzoic acid isopropyl ester (2.0 mg/ml), as an internal standard, and then the mixture was centrifuged at 12000 g for 3 min. The supernatant (20 ml) was then subjected to HPLC.
Calculation of Apparent Permeability Coefficient The apparent permeability coefficient (Papp) was calculated from the following equation: (1) where F ss is the steady-state permeation rate per unit area of FP or DFS and C o is the concentration of FP or DFS in the solution applied to the skin.
Statistical Analysis Each set of data is shown as the meanϮS.D. Significant differences were determined by the Tukey-Kramer test or Dunnett's test.
RESULTS AND DISCUSSION
In this study, two different camellia oils, FCO and DCO, were used for skin treatments. FCO has a higher free fatty acid content (16.9% vs. 11.6%) and lower triacylglycerol and free sterol content (40.6% vs. 42.6%, triacylglycerol; 2.1% vs. 5.2%, free sterol) than DCO.
11) Since FCO was purified by filtration without heating, minor components, which could be oxidized easily, might be present.
Skins were treated with DCO or FCO before the skin permeation experiments and then an aqueous solution of FP or DFS was applied to the surface of the skin mounted in the cell. Figure 1a shows the permeation of FP through the excised rat skin, with or without oil treatments. Permeation of FP through the pretreated skin was higher than that through control skin and the cumulative amount of FP permeating through FCO-treated skin at 24 h was significantly higher than for the control. FCO could be a penetration-enhancer as far as the skin permeation of FP is concerned. On the other hand, permeation of DFS through the pretreated skin was lower than that through control skin and the cumulative amount of DFS permeating through FCO-treated skin at 24 h was significantly lower than for the control (Fig. 1b) . Since the retention times of FP and DFS in the HPLC analysis system with the same column and mobile phase were similar (9.5 min for FP and 11.4 min for DFS), both have a similar lipophilicity. However, FCO and DCO had opposite effects as far as the permeation of FP and DFS was concerned. This may be due to the fact that FP is a free acid and DFS is a salt. However, since the pK a values of FP and DFS are 3.8 and 4.0, respectively, FP and DFS are largely ionized in pH 7.4 solution. Although the concentration of unionized FP, which has a lower pK a , in the applied solution could be lower than that of DFS, the permeation rates of FP through the skin treated with FCO and DCO were higher than those of DFS. This suggests that the partition of FP to the skin treated with FCO and DCO is higher than that of DFS. FCO and DCO, especially FCO, might change the affinity of drugs for skin.
Skin permeation experiments were also carried out using pig skin, since Wistar rat skin is not always suitable for skin permeation experiments. Pig skin is the most suitable animal skin because its permeability to drugs is similar to that of human skin.
12) Figure 2 shows the effects of pretreatment with FCO and DCO on the permeation of FP and DFS. The results are similar to those from the rat experiments. Enhancement of FP skin permeation and suppression of DFS skin permeation were more marked following FCO pretreatment.
Since FCO has a higher free fatty acid content than DCO, free fatty acids might be the underlying cause of the effects of FCO. The major free fatty acid was oleic acid in FCO (83.6%) and DCO (62.8%).
11) Therefore, the effect of oleic acid on the permeation of FP and DFS should be examined in order to understand the phenomena observed following FCO and DCO treatments. Figure 3 shows the values of Papp for FP and DFS through rat skin pretreated with FCO, DCO or oleic acid. The permeation of FP and DFS was enhanced by pretreatment with oleic acid. Penetration-enhancing effects of oleic acid on many drugs have been reported. 7, 8, 13) The effect of FCO on the permeation of FP could be due to the contribution by oleic acid. On the other hand, although oleic acid also enhanced the penetration of DFS, FCO suppressed it. This result suggests that other active components which suppress the permeation of DFS may be present in FCO. These could be easily oxidized minor components, and a combination of the minor components might produce specific effects on DFS. In order to understand this phenomenon, permeation studies are needed involving many drugs with different physicochemical properties and a detailed analysis of the composition of FCO and DCO is also needed. Such studies could be useful not only for developing improved transdermal delivery systems but also lead to safer skin care products.
Sweet oil is used for skin care products such as cosmetics and quasidrugs. On the other hand, free fatty acids, which are major components of sweet oil, are reported to be skin penetration enhancers. In the present study, the effect of camellia oil on the permeation of FP and DFS through rat and pig skin was examined. Although FP and DFS have a similar lipophilicity, FCO and DCO had opposite effects on FP and DFS. FCO and DCO, especially FCO, acted as penetrationsuppressing agents for DFS. The reason is at present unknown. There are a lot of reports about skin penetration-enhancers, 13) but few about penetrations-suppressants. This might be due to a publishing bias: penetration enhancers are regarded as being valuable, while penetration-suppressants are regarded as valueless as far as transdermal drug delivery systems are concerned. However, the penetration-suppressants will be useful for skin care products. Studies of such agents will be important in the future. 
